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I  INTRODUCTION. 


Tha  ARL  Transonic  Ulnd  Tonnal  Dynamic  Derivatives  Control  and 
Data  Acquisition  Equipment  consists  of  a  mini  computer  (DEC  8A808),  a 
graphics  terminal  (DEC  VTI55),  a  programmable  dota  system  and  a 
el octrostat ic  pr interop  I  otter  (VERSATEC  D30OA ).  Data  and  programs  are 
stored  on  IBM  standard  (3740)  flexible  discs. 

The  processor  of  this  system  may  be  programmed  In  machine 
language  ,  FORTRAN  2  or  4  ,  or  BASIC/LABS5  which  is  an  extension  of 
OS-Q  BASIC,  to  fully  utilize  the  features  of  the  equipment  ^  K  A 
feature  of  these  high  level  languages  Is  their  handling  of  data  as 
either  single  characters  of  6,7  or  3  bits  or  as  precise  numbers  of  24, 
36,  or  72  bits.  BASIC,  for  example,  has  only  2  classes  of  data:  (1) 
numbers  which  nave  a  sign  and  23  binary  bits  (6  decimal  digits)  and  an 
exponent  with  sign  and  11  bits  (10±616)  ,  and  (2)  characters  which  are 
6  bit  ASCII.  On  the  other  hand,  the  Versatec  Pr inter /PI  otter  has  an  8 
bit  paral lei  Input. 

This  lack  of  a  convenient  means  of  handling  and  outputting 
single  12  bit  words,  particularly  to  serial  terminals,  leads  directly 
to  the  use  by  most  graphic  terminals  of  strings  of  charactsrs  to 
convey  plot  data,  as  such  screens  are  normally  of  8  to  9  bits 
resolution.  These  graphic  data  strings  ore  usually  distinguished  from 
ASCII  print  data  by  being  prefixed  by  an  escape  (033)  code  sequence  or 
by  a  control  code  (0  to  37  octal  in  7  bit).  This  tatter  course  was 
chosen  here  to  simplify  use  of  the  text  processor  RUNOFF  and  to 
clearlu  Identify  these  files  from  VT55  command  files  which  use  escape 
codes. 


As  urn  I  I  the  pr inter/pl otter  is  only  capable  of  upper  case 
characters  in  the  print  mode.  This  has  introduced  a  difficulty  in  both 
graph  labels  and  text  since  the  notation  commonly  used  in  aerodynamics 
differentiates  between  many  upper  and  lower  case  characters  e.g.  I  and 
L  are  roll  and  lift.  Also,  angles  ore  referred  to  by  lower  case  Greek 
characters  such  as  «  ,  p  and  ♦  . 


Dynamic  derivatives  introduce  the  added  refinement  that 
meanings  may  be  changed  by  the  vertical  orientation  of  expressions 
(subscripts,  subsubscripts  and  super scr Ipts  )  and  particular  meanings 
are  assigned  to  expressions  such  as  C,^  +  C,,^  where  the  dot  over  the 


'"■q 


«  Indicates  differential  with  respect  to  time.  Other  superimposed  or 
overstruck  modifications  to  characters  include  the  use  of  a  bar  to 
denote  a  nondimenslonai  quantity.  With  an  electrostatic  printer  and 
many  other  line  printers  it  Is  not  possible  to  overstrlko,  that  is 
print  two  characters  in  the  seme  position.  Such  symbols  may  then  only 
be  produced  by  a  software  approach  to  character  generation. 


For  these  reasons  .  a  machine  language  (PAL8)  program  was 
written  in  July,  1979,  to  handle  both  pint  and  print  files  composed 
solely  of  character  strings  os  plot  data  for  the  pr inter/pl otter  or 
any  other  raster  scan  plotter  or  display.  Version  2A  of  this  program, 
u4>1ch  was  dated  31-AUG-79,  is  described  here.  This  program  it 
presently  available^?)  from  the  Digital  Equipment  Computer  User's 


Society  (DECUS)  us  DECUS8— 915. 


Lhnre  not  otherwise  stated,  the  character  codes  used  will 
conform  to  the  standard  of  the  Amor i can  Standard  Coda  for  Information 
Interchange  (ASCII). 

2  PRINT  FILES. 


Normal  ASCII  codas  do  not  include  some  of  the  special 
characters  used  in  scientific  writing  and  data  handling.  For  this 
reason  some  of  the  standard  codas  have  bean  omitted  and  new  codes 
added  to  allow  a  font  of  123  printable  characters.  Since  thesa  new 
characters  do  not  appear  on  a  keyboard,  and  to  allow  them  to  be 
handled  as  ASCII  files,  most  of  these  extra  characters  are  generated 
by  prefixing  standard  codes  with  the  coda  "control  A". 

The  deleted  codas  are  those  represented  by  codes  136, 124, 176 
and  1??.  These  are  shouri  an  some  keyboards  as  up  arrow,  vertical 
separator,  squlggle  and  rubout  and  are  printed  by  this  program  as 
degree, Integra  I , partial  differential  and  Infinity  (printed  twlca).  The 
last  two  cades  are  not  accepted  by  some  programs  but  ail  these  codas 
can  be  generated  by  the  control  A  sequence.  This  sequence  subtracts 
101  octal  from  the  transmitted  cod a.  The  generated  character  set  Is 
contained  In  Table  1. 

The  characters  In  this  font  may  be  additionally  mod  If  lad  by  ar. 
ouerstrike  font.  Following  a  backspace  the  next  non-backspace  is 
treated  as  a  4  bit  code  for  an  overstrike.  The  ouorstrikes  available 
aro  bar,  dot,  two  dots,  bar  and  dot,  bar  and  two  Jots  an<d  hat.  A  spam 
may  be  programmed  to  any  other  ouerstrike. 

Thu  first  bit  of  the  overstrfke  code  flags  the  love!  at  which 
it  1e  to  be  printed.  Lower  case  letters  and  Greek  Choractars  Include 
somQ  characters  which  do  not  ascend  above  tho  fourth  row  and  the 
ouerstrike  may  ba  moved  down  3  rows  to  allow  for  those.  The 
appropriate  codes  are  A, B, C, D, E, F  and  G  for  the  higher  set  and 
I.J, K, L,M,N  and  0  for  the  lower  set.  The  st,<  active  pairs,  that  Is, 
all  but  G  and  0.  produce  the  following  result  on  A  and  <*  as  examples:- 

A,  A.  A,  A,  fi,  fi  and  S,<x. ««.  «.«„«.  The  sequence  backrpaco  r  produces  no 
operation  and  Is  used  to  follow  a  backspace  which  Is  not  required  to 
generate  an  ouerstrike. 

Backspace  Is  also  used  as  one  mathod  of  flagging  undorl Inos. 
The  sequences  backspace/'minus  and  backspace/under  I ine  underline  tho 
previous  character.  An  example  is  +( backspace )-  which  produces  +. 
Under! Ining  of  headings  Is  normally  dono  by  underline  characters  on 
the  next  line.  Such  a  line  produces  only  a  single  plot  scan. 

Tho  subscripts  and  superscripts  are  generated  by  two  moro 
control  characters  with  "control  N"  meaning  shift  down  and  "control  0" 
shift  up.  4  levels  have  been  provided  with  1  level  above  tho  starting 
position  and  2  below.  Overstrikes  and  "control  A"  characters  can  bo 
used  in  any  level.  The  sequence  backspace  3  mentioned  above  as  a  no 
operation  code  can  be  used  to  help  load  characters  In  different  levels 
at  the  same  character  position.  Table  2  lists  the  control  characters 


Identified  by  th. s 

program. 

T  t.  anou 1  a 

be  notQd  that  program 

buffer  1  anyth  1 

1  1 mt ts 

the 

1 engtn  o'  a  1 i re 

to  120  characters  and 

that  this  incl 

1  UCjt%?5 

any 

nonprinting  cho-actars  between  the  line  fuads.  Tha  n-.ceptlon  to  this 
in  tha  form  feed  character  "control  L"  which  most  appear  on  a  I  ina  by 
itsel f . 


3  PLOT  FILES. 


Thara  are  good  reasons  why  plot  tiles  should  bo  carefully 
doslgnad.  A  a  ingle  paga  (A4)  of  output  is  equl volant  to  over  03.000 
bytes  (8  bit)  of  data.  I?  tha  plot  file  represents  a  direct  raster 
scan  of  such  a  page,  it  occupies  nearly  350  DS8  blocks  and  only  l  or  2 
such  pages  fit  on  a  RX01  diskette.  Apart  from  the  space  problem  thero 
is  the  difficu  Ity  In  handling  such  binary  or  sava— modo  files.  Both 
Basic  and  Fortran  A  ara  capable  of  handling  such  files  but  only  on  a 
fixad  longth  file  and  only  bit  by  bit.  In  fact,  Fortran  4  is  henpiant 
with  6  bit  ASCII  files. 

Accordingly,  a  scheme  which  can  represent,  plot  files  as  6  bit 
ASCII  filas  Is  a  logical  choico.  Other  restrictions  which  com.j  out  of 
tha  line  handling  capability  of  the  PRIN7R  program  include  a  maximum 
line  longth  of  128  ASCII  characters.  In  fact,  linos  should  terminate 
with  tho  normal  carriage  return^l InQ  food  combination  to  allow  ASCI! 
line  sorting  and  to  shorten  still  further  the  file  length  cf  plut 
files.  Plot  files  will  bo  distinguished  from  other  ASCII  fitra  by 
beginning  each  lino  with  a  control  F  character.  This  also  allows  mixed 
f 1  I es. 

This  leaves  room  for  125  non-control  characters  on  a  linn. 
Each  character  is  significant  only  to  6  bite  no  th i rs  ropresants  unUy 
750  bits  per  i InQ  compared  to  the  Versatec  D8G0A's  800  bits  pm*  line. 
As  well,  space  on  thu  I  ina  will  be  signlf  icantl  y  saved  if  sow,i  r^sni 
of  leading  blank  expression  or  tabulation  is  devised.  Tha  first 
character  in  a  I  inu  can  be  used  to  flag  0  to  63  loading  blank  bytos, 
leaving  124  characters  or  ?44  bits  in  a  tine.  Those  characers  will  be 
considered  as  pairs  making  12  bit  words.  Several  possible  formats  for 
ucing  these  words  will  bo  axu.nl ntd. 

If  eoch  word  Is  the  next  12  bits  in  a  roete.'  scan,  a  I  ino 
without  a  set  pattern  may  bo  represented  to  744  bits.  Houiauer,  o  lino 
with  a  rtngla  point  nt  each  end  will  require  all  124  characters.  If 
each  12  bits  represent  5  a  by  to  and  a  4  bit,  repeat  code  than  tho  full, 
nc  pattern  linn  has  only  436  bits  out  the  I  InQ  with  a  point,  at  each 
end  requires  only  14  characters.  vet  another  variation  would  be  to  uso 
the  first  bit  as  a  flag  to  indicate  a  tabulation,  the  next  3  as  repeat 
code  and  the  last  bytQ  as  either  the  character  or  tho  tabulation 
required.  This  would  still  give  only  496  bits  from  a  full  i Ina  but 
would  need  only  6  characters  for  tho  and— marked  i ine. 

Perhaps  the  most  acceptable  farmot  for  graphs  and  diagram-; 
however  Is  one  whore  words  represent  alternately  addres  .as  ond  data. 
Th. is  is  similar  to  the  format  used  by  the  VT5I!  display  but  with  thr 
horizontal  and  vertical  axes  into  changed.  This  format  ts  ro  me rr 


compact  than  the  tabu!  at  iun  me thou  but  is  mor  e  no?  •  I  y  understood. 


Ho  s  i nrj !  a  format  of  t'  uSii  con.- 1 dared  Ka\  advantages  In  both 
the  full  I  <nu  and  and— morheii  cciuec.  For  this  reocon  a  two  mods 
approach  has  been  adopted  >r.  an  attempt  to  provide  as  nary  cduantagas 
as  possible. 

The  plot  line  format  chosen  is  thus:-  control  F.  special 
address  word,  data  aor  d.  mixed  iota  and  address  words  to  6?  ’words. 


The  spec i a1  address  wc 
and  al I  address  words  have  the 
bttfl 
bitl 
bit2 
bit3 
b)ts4~l 1 


d  also  sets  mode  to  5  or  1? 
format 
indicate  address 

continuation  required 
12  bit  mode 


bit  data 


1  to 

1  "O  indicate 
1  to  indicate 
unused 

address  M  bytes  from  start  of  lire 


The  8  bit  data  words  have  the  format 
bitO  0  to  indicata  S  bit  deto 

bits  1—3  repeat  1  to  8  times 

bits4-ll  data. 


The  12  bit  data  words  are  oil  data.  In  the  12  bit  mode  only 
one  address  word  is  used  In  each  I ina  and  this  contains  tha 
continuation  coda.  Tha  moda  may  bo  charged  to  12  bit  c.nly  once  in  a 
line  since  once  in  12  bit  mode  no  mode  chanqe  code  is  available. 

In  the  8  bit  mode  addresses  may  appear  anywhere  in  a  line  and 
the  continuation  coda  may  also  jpoaar  in  ary  address  but  would 
normally  aopaar  in  the  last  ward  in  o  lino,  Addresses  must  appear  In 
order  however  and  must  not  try  •=..?  bacKspaco  the  output. 

4  MIXES  FIlEG. 


Mixed  mode  orint  and  plot  files  are  not  only  oossible  but  are 
the  normal  arrangement .  itodes  may  not  however  be  mixed  on  the  sama 
line.  This  is  on  axenpia  of  such  u  mixed  file.  The  specifications  of 
a  lino  baginn'iy  with  "control  F‘  follow  section  3  above  ,  otherwise 
section  2  is  tha  relevant  description. 

fln  example  of  o  mixed  'lie  (with  plot  mode  axes  and  print  mode 
labels'1  used  to  produce  a  small  figure  follows. 


/ 


/ 


/ 


- > 


X 
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The  1?  bit  mode  muy  also  by  used  to  generate  other  fonts,  e.g. 
14  point:- 


THE  END 

This  example  Illustrates  a  future  extension  of  this  system. 
If  a  FORTRAN  nr  PASCAL  program  is  urttton  to  turn  PRINTS  text  files 
Into  plot  f  1 1  ns  with  14  point  mom  text  and  13  point  shifted  text,  and 
the  resultant  file  is  output  by  PRINTR  onto  roll  paper  and  then 
reduced  by  a  lineal  factor  of  3.7.  vary  high  quality  output  can  be 
obtained.  Such  a  system  may  also  use  proportional  spacing  of 
characters  and  equalization  of  spaces.  The  effective  fonts  are  10 
point  for  thu  main  and  ?  point  for  the  shifted  text. 

5  US  I Nii  WITH  RUNOFF. 


The  software  available  on  this  processor  includes  the  text 
handler  RUNPrF  uerslon  6B  which  Is  capable  of  formatting  text  files  to 
fully  utilise  PRINTR.  The  aparating  procedure  is  as  follows:- 

(1)  Make  an  ASCII  file  using  any  Editor  program,  TECO.  EDIT, 
VTEDIi.  SOS  or  SCROLL.  This  file  must  include  normal  RUNOFF  commands 
and  the  additional  command  ".control  c-icrocters"  or  ’’.cc''  to  ailow 
commands  to  bc<  passed  to  PRINTR.  PRINTS  uses  a  control  character  to 
fiag  commands  and  theso  are  ignored  by  RUNOFF  and  most  editors. 
However,  some  of  the  characters  used  In  control  F  strings  to  generate 
figures  w*  I  I  appear  as  RUNOFF  flags.  Also,  RUNOFF  mi scDunts  lines 
when  faced  with  plot  data.  For  theso  reasons  it  may  be  simpler  to  use 
t.ho  figure  or  blank  features  of  RUNOFF  to  allow  room  to  instal  tho 
flguras  Inter. 

(S'  Process  with  RUNOFF.  Respond  to  monitor  with 

R  RUNOFF 

RUNOFF  achat s  RUNOFF  VbB 

and  calls  Commend  Decoder  whi  cn  types  ♦ 

enter  PSK :r  ILL.  uJU.  Tj'iKjF  1LE.  R0  "U5 

where  FILE  is  Input  file  and  •£  <s  sitmode  key, 

Ncte  that  default  Input  extension  Is  R0. 

(3)  Instal  figures  using  an  editor.  If  required. 

(4)  Call  PRINTR 

R  PRINTR 
«FILE 


NKq  that  default  input  extension  here  Is  WJ  and  that  default 
Input  device  Is  DSK:  .  PRINTR  uses  the  Command  Decoder  so  up  to  9 
Input  f i I  os  may  be  specified  at  once  but  output  is  always  to  the 
plotter.  An  option  to  append  »n  for  n  copies  hos  been  a  I  lowed  for  but 
not  Implemented, 


-G- 


It  Is  possibla  to  assemble  a  particular  form  of  RUNOFF  with 
default  conditions  such  that  this  sequence  Is  partly  unnecessary  but 
this  sequence  will  always  perform  as  expected. 

6  PROGRAM  LAYOUT. 


This  program  actually  consists  of  two  distinct  parts  which  are 
assembled  separately  and  are  named  TEXT  and  FONT  10  respectively.  TEXT 
Is  the  program  itself  and  is  fully  documented  in  the  program  listing. 
FONT10  is  the  10  point  font  used  by  this  system  to  generate  text,  ft 
change  of  ''typeface"  may  be  accomplished  by  modification  of  FONT10 
only. 

7  PERFORMANCE. 

Use  of  a  software  approach  to  generate  text  fonts  results  in 
an  increased  time  to  print  text  files  compared  to  a  hardware  character 
generator.  However  the  added  flexibility  of  the  software  system  Is  a 
mujor  advantage.  Despite  the  comment  above,  it  only  takes  14  seconds 
to  print  this  page  which  is  equivalent  to  about  330  characters  per 
second. 

8  USING  WITH  OTHER  MACHINES. 

This  program  was  written  In  PAL8  with  all  non-standard  codes 
defined  In  the  symbol  table.  The  source  (TEXT.  PA)  Is  extensively 
commented.  The  only  processor  Instruction  used  which  may  not  be 
available  on  earl  ier  PDP8*s  Is  B5LI"7002  which  is  also  used  combined 
with  CLL  as  CLL  BSU-7132.  To  run  this  program  on  an  oarly  PDP8  both 
these  commands  must  be  redefined  as  JMS  I  8SUL  where  55UL  Is  a  page 
zero  reference  to  a  subroutine  to  clear  the  I  ink  and  swap  the  two 
halves  of  the  accumulator.  (Sea  BASIC  for  on  example  of  how  to  do 
this ). 


The  plotter  commands  are  used  only  in  ftua  subroutines;  three 
WRITE. PLOTY  and  CL8UFF  on  page  zero  and  two  others.  EXIT  and  INIT.  If 
the  plot  tor  or  pr Inter ✓pi  otter  uses  the  same  formot  of  commands  l.e. 


dona 

and 


PSKF  "6661  "Skip  on  done  flag 

PCLP  "6666  "clear  flog,  output  character. set  flag  whan 


MODCNL  -6644  with  AC  -1 

•2 

-3 

-6 

-7 


Clear  buffer 
Write  buffer 
Top  of  form 
Sat  print  mode 
Set  plot  mode 


then  only  a  change  In  symbol  table  Is  required.  Otherwise  soma  or 
all  of  the  flue  subroutines  will  need  modification. 


The  othor  plotter  parameter  is  plot  width.  The  DS30A  Is  100 
decimal  bytes  (144  octal  )  wide  and  this  is  required  by  PLTUID  in  the 
symbol  table.  For  plotters  wider  than  128  characters  some  difficulties 
may  arise.  The  buffers  for  shifted  text  ere  only  128  characters  long 
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and  any  attempt  to  output  a  longer  I  In*  wilt  cauee  overflow  into  the 
next  buffer.  In  cases  where  every  line  etarte  and  end*  with  sufficient 
blank  spaces  this  may  be  acceptable  but  core  mutt  be  token  if  the 
second  subscript  ts  used  as  this  overflows  into  an  ASCII  buffer. 

The  progr.im  uses  0S8  only  for  file  handling  and  a  nor>-0S8 
version  would  require  changes  on  the  page  from  00200.  Also,  data  files 
may  be  7  or  8  bit  ASCII  and  B  bit  files  may  have  parity.  Any  6  bit 
files  would  also  require  changes  on  this  page.  Field  1  tr  used  solely 
by  OSS  User  Service  Routines  <USR*s>  for  file  management  so  a  non-OSS 
version  uould  require  less  than  4K  of  msmory. 

9  CONCLUSION. 

A  system  for  using  control  character  sequences  to  extend  a 
printer's  character  set  and  to  more  efficiently  handle  graph  data  and 
drawings  has  been  written  as  a  machine  language  program  for  the  PDP8 
computer  with  electrostatic  plotter.  Features  added  to  text  files 
include  superscripts,  two  levels  of  subscripts. Greek  and  mathematical 
eymbole  and  overetruck  ( super  I mposed )  bars,  dots  and  combined  bars  and 
dote.  Plot  ft  lee  have  two  modes  uefng  8  or  12  bit  data  words  and  may 
be  either  continuous  scan  or  byte  addressed.  Plot  and  Text  files  may 
be  mixed  but  not  super  imposed. 

The  description  contained  In  this  memo  refers  Lo  version  2A, 
dated  AUGUST  1929. 
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TABLE  t 

CHARACTERS  PRODUCED  BY  "CONTROL  AVKEY  SEQUENCE 


CHAR 

CNTL  A  (KEY) 

CHAR 

CNTRL  A  (KEY) 

oo 

P(Twlca) 

9 

R 

m 

A 

T 

S 

P  • 

8 

V 

T 

Y 

C 

♦ 

U 

S 

D 

X 

V 

< 

E 

♦ 

u 

< 

F 

k> 

X 

A 

G 

n 

Y 

• 

H 

r 

z 

t 

I 

+ 

c 

K 

J 

«• 

s 

X 

K 

t 

3 

p 

L 

♦ 

•(SH  6) 

V 

M 

i 

(UNDERLINE) 

4 

N 

H 

'(op  quota) 

o 

0 

s 

ft 

* 

P 

» 

? 

P 

0 

• 

control  do Iota 

ANY  OTHER  COMBINATION  IS  LEGAL  INCLUDING  CONTROL  CHARACTERS. 


TABLE  2 

CONTROL  CHARACTERS  USED  BY  PRINTR 


A  SUBTRACT  101  FROM  NEXT  CHARACTER'S  ASCII  VALUE 

F  ENTER  FIGURE  MODE 

H< BACKSPACE)  OVERSTRIKE  OR  UNDERLINE 
I  TAB  TO  NEXT  MULTIPLE  OF  8  POSITION 

J<LF )  LINE  FEED  OR  END  OF  LINE 

L  NEU  PAGE  OR  FORM  FEED 

M(CR>  CARRIAGE  RETURN,  IGNORED 

N  HALF  SHIFT  UP 

0  HALF  SHIFT  DOWN 

Z  END  OF  FILE 


